Background-Although the value of clinical registries has been well recognized in developed countries, their use for measuring the quality of emergency medical service care remains relatively unknown. We report the methodology and findings of a statewide emergency medical service surveillance initiative, which is used to measure the quality of systems of care for patients with out-of-hospital cardiac arrest. 
A lthough case fatality rates from cardiovascular diseases have improved significantly during the past 3 decades, globally reported case fatality rates from out-of-hospital cardiac arrest (OHCA) are not declining. 1 In fact, it is estimated that 5 million people worldwide will experience an OHCA every year, of which only 7% will survive. 2 Prognosis after OHCA is largely determined by the quality and timeliness of prehospital interventions. Despite the discovery of new inhospital postresuscitation therapies, OHCA survival remains almost entirely dependent on the attainment of return of spontaneous circulation in the field by emergency rescuers. 1 Thus, it is no surprise that the American Heart Association recommends that the monitoring of treatment of OHCA by EMS be the sentinel measure of quality of EMS care in the community. 3 With some EMS jurisdictions reporting deteriorating outcomes after OHCA, 4 the urgency of these monitoring activities is greater than ever before.
Although the value of clinical registries has been well recognized in developed countries, their use for measuring the quality of EMS care remains relatively unexplored. For instance, of the 28 clinical registries operating in Australia in 2009, only 1 was identified as an EMS surveillance initiative. 5 Despite a growing number of EMS agencies contributing OHCA data to clinical registries across North America, Asia, 7 and Europe, 8, 9 the scope for a national OHCA registry in Australia remains in its infancy. 10 In fact, only 2 of the 8 Australian EMS organizations have reported previously registry-based methods of data capture and follow-up, 11, 12 of which only the Victorian Ambulance Cardiac Arrest Registry (VACAR) operates statewide. 11 In this study, we sought to report the methodology of the VACAR and the findings of 10 years of surveillance in the Australian Southeastern state of Victoria for patients with OHCA of presumed cardiac pathogenesis . The objectives of this study were to analyze trends in bystander cardiopulmonary resuscitation (CPR), event survival, and survival to hospital discharge outcomes across the 10-year study period, with particular reference to outcome variability across major regions and receiving hospitals.
Methods
The state of Victoria, Australia, has a population of ≈5.6 million people, of whom 4 million reside in the city of Melbourne. This report presents data for adult (aged ≥18 years or missing age) OHCA cases of presumed cardiac pathogenesis occurring in Victoria between July 1, 2002, and June 30, 2012 ( Figure 1 ). Arrests witnessed by EMS personnel were excluded.
Emergency Medical Service
Victoria operates a single statewide EMS system (Ambulance Victoria) using ≈2500 advanced life support paramedics and 500 intensive care paramedics. Access to emergency services is provided through a single nationwide telephone number (ie, 000), and telephone-assisted CPR instruction is provided to bystanders by trained emergency call-takers. 13 The EMS system is funded largely by the Victorian State Government, although one third of its funding is generated through a membership subscription scheme and transport fees. Funding from the State Government provides universal ambulance coverage to people receiving government entitlements, including elderly, disability, and low-income pensioners. The funding provides free EMS treatment and transport to ≈50% of its emergency case load every year.
The EMS system provides a 3-tiered response to suspected cardiac arrest events in the community: (1) advanced life support paramedics capable of laryngeal mask airway insertion and intravenous adrenaline, (2) intensive care paramedics capable of endotracheal intubation and a wider scope for medications, and (3) first responders with basic life support skills in metropolitan Melbourne and selected rural communities.
14 Cardiac arrest treatment protocols follow the recommendations of the Australian Resuscitation Council (www.resus.org.au). Prehospital postarrest treatment guidelines involve blood pressure maintenance, induction of therapeutic hypothermia for selected patients, and transport to the nearest appropriate medical facility. Paramedics are authorized to withhold resuscitation in adult patients if the following is present: evidence of irreversible death or injuries incompatible with life, a Refusal of Treatment Certificate for a precipitating condition is in place, or where the initial cardiac rhythm is asystole and the downtime exceeds 10 minutes, and there are no compelling reasons to commence resuscitation (eg, hypothermia).
Case Ascertainment and Data Sources
The VACAR records details of all OHCA events where EMSs are in attendance. A statewide framework to identify OHCA cases has been developed for Victoria and includes the identification of cases from electronic and paper-based treatment records. Since 2006, treatment records have been recorded electronically using a computer tablet and synchronized daily to a clinical database. 15 A highly sensitive electronic search algorithm is used to identify potential cardiac arrest cases from treatment records, which is supplemented by a review of computer-aided dispatch records, emergency call logs, and paperbased treatment records. Paramedics are also required to report cardiac arrest cases and submit ECG recordings. Hospital outcome data are obtained from hospital medical records in ≈99% of transported
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• Monitoring of treatment of out-of-hospital cardiac arrest by emergency medical service has demonstrated significant improvements in bystander cardiopulmonary resuscitation, event survival, and survival to hospital discharge during a 10-year period.
• Significant variation in rates of bystander cardiopulmonary resuscitation and survival were observed across rural and metropolitan regions.
• For patients transported from the scene, significant interhospital variation in survival outcome was observed after adjustment for patient-level factors.
• Regional standardization of care, across both prehospital and inhospital settings, and strategies to reduce emergency medical service response times could provide future gains in survival in optimized emergency medical service systems. cases. Hospital outcome data are validated against death records from the Victorian Registry of Births, Deaths, and Marriages. A key function of the VACAR database is its transactional relationship with the organization's clinical database, which results in registry fields being populated automatically with standardized treatment data. This process eliminates the need for case report forms and has improved both the lag-time to case ascertainment and the levels of missing data. Data quality control is facilitated by (1) clinical audits of defibrillated cases (≈55% of the EMS-treated sample) are conducted to verify the initial cardiac rhythm, time of defibrillation, 
Data Elements and Definitions
Definitions used in this report follow the recommendations of the Utstein reporting template. 16 The VACAR collects >150 standardized data elements containing patient demographic, treatment, and operational data, including the Utstein-style descriptors and definitions. Cardiac arrest is defined as the cessation of cardiac mechanical activity as confirmed by the absence of signs of circulation at any time as documented on the EMS treatment record. The EMS-attended population represents all OHCA cases attended by the EMS and includes both cases who receive emergency treatment and those who are declared deceased on EMS arrival. The EMS-treated population is defined as cases which receive any attempt at CPR or defibrillation. 16 Cardiac arrest pathogenesis is identified from the paramedic treatment record and is presumed to be of cardiac cause in the absence of a known precipitator. The variable EMS response time is defined as the time from emergency call to arrival of the first emergency medical response team to the scene (ie, ambulance or first responder). EMS response time represents the largest component of the time to defibrillation, which includes the time from emergency call to the delivery of the first defibrillation in cases with a shockable rhythm on EMS arrival. Bystander CPR is defined as any attempt at chest compressions, with or without ventilations, and was assumed to be absent if not stated (n=768 or 5.5%). Event survival (binary outcome) denotes evidence of sustained return of spontaneous circulation on the treatment record on arrival at hospital. Survival to hospital discharge (binary outcome) was defined as discharge from acute hospital care.
Data Analysis
Data analyses for this study were performed using IBM SPSS Statistics 20. All analyses were evaluated using a 2-sided significance level of 0.05. Baseline characteristics and survival outcomes are reported using descriptive statistics and stratified by fiscal year ( Table 1) . Annual crude and age-sex-adjusted incidence were calculated using population figures from the Australian Bureau of Statistics with an Australian Standard Population as at June 30, 2001 (www.abs.gov.au). The Mantel-Haenszel χ 2 test was used to assess the significance of temporal trends in baseline characteristics across ordinal year categories. Yearly differences in the median age, response time, and time to defibrillation of cases were assessed using the Kruskal-Wallis test. We used Joinpoint Regression Program v4.0.4 (National Cancer Institute) to assess whether there were any statistically significant inflection points in trend for bystander CPR and survival.
To examine factors associated with event survival and survival to hospital discharge in the EMS-treated population, we calculated odds ratios (ORs) with 95% confidence intervals (CIs) using ordinary logistic regression (Table 2 ). Patient-level factors known to predict survival, including age, sex, public location, bystander witnessed, bystander CPR, EMS response time, and shockable rhythm on arrival, were included in our models. 11 In addition, we included a categorical variable in our analyses to classify cases according to 8 Victorian health regions (health.vic.gov.au/regions). Fiscal year, a categorical variable, was used to describe temporal trends in outcomes outside of the patient-level factors. The main effect model was tested for relevant interactions between baseline factors (eg, bystander CPR and rhythm on arrival), as well as interactions between year and region with other baseline variables (eg, bystander CPR and year). Factors associated with bystander CPR were assessed in the EMS-attended population using the same approach, without adjusting for EMS response time and shockable rhythm on arrival.
In a subgroup analysis of cases transported from the scene, we constructed a multilevel (2-level) logistic regression model to assess the impact of receiving hospital on survival to hospital discharge outcome (Table 3 ). Multilevel models were used because of 17, 18 We included patient-level factors and fiscal year as fixed-effects while allowing for hospital site as a random intercept. Fixed-effects are presented as ORs and 95% CIs. Because the interpretation of random intercepts in multilevel models can be difficult, we calculated the median OR as a measure of interhospital variation in survival. 17 The median OR can be interpreted as the median of a set of ORs that could be obtained by comparing survival outcomes for 2 patients with identical patient-level characteristics across 2 randomly selected hospitals. The analysis was restricted to 18 hospitals comprising 4668 (87.4%) transported patients, each receiving ≥50 patients during the study period.
Patient Consent and Ethical Review
The use and collection of data for the VACAR are approved by the Department of Health Human Research Ethics Committee as a quality assurance initiative. This study has ethical approval from the Monash University Human Research Ethics Committee.
Results
During the 10-year surveillance period, 32 097 EMS-attended OHCA cases met the inclusion criteria, of which 14 083 (43.9%) cases received an attempted resuscitation by EMS (EMS-treated population; Figure 1 ). Baseline characteristics stratified by fiscal year are presented in Table 1 for the EMStreated population.
The annual crude and age-sex-adjusted incidence of EMSattended cases decreased significantly during the study period from 89.3 to 73.7 per 100 000 persons and from 86.5 to 66.7 per 100 000 persons, respectively (P<0.001). Although the proportion of EMS-treated cases increased over time, annual crude and age-sex-adjusted incidence declined significantly ( Table 1 ). The median EMS response time, the median time to defibrillation, and the proportion of asystolic events also increased over time.
Unadjusted Trends in Bystander CPR and Survival
Unadjusted trends in bystander CPR and survival for the EMS-treated population are presented in Figure 2 . The largest 10-year trend was observed in the proportion of cases receiving bystander CPR, which rose from 40.7% (95% CI, 38.2%-43.3%) in 2002 to 2003 to 68.8% (95% CI, 66.4%-71.1%) in 2011 to 2012 (or from 21.4% to 41.3% in the EMS-attended population). Unadjusted event survival rose from 25.1% (95% CI, 22.9%-27.4%) at baseline to 33.4% (95% CI, 31.0%-35.8%; P<0.001) by 2011 to 2012, whereas survival to hospital discharge rose from 5.5% (95% CI, 4.3%-6.6%) to 13.5% (95% CI, 11.8%-15.3%; P<0.001). Increases in survival to hospital discharge were largely influenced by improved outcomes for cases with shockable rhythms, which rose from 10.3% (95% CI, 7.8%-12. (Table 2 ). Significant regional variability in bystander CPR was observed across both metropolitan and rural regions.
Adjusted Trends in Survival
After adjustment for patient-level factors, the risk-adjusted odds of event survival were significantly improved after 2005 to 2006 (Table 2) . Similarly, survival to hospital discharge improved markedly, and in 2011 to 2012 was ≈3× greater than 2002 to 2003 (OR, 2.81; 95% CI, 2.07-3.82). Survival outcomes varied regionally, with rural cases demonstrating significantly poorer survival when compared with metropolitan cases. A single interaction term between bystander CPR and shockable rhythm on arrival remained significant for both event survival and survival to hospital discharge. The finding suggests that bystander CPR improves the risk-adjusted odds of survival to hospital discharge by 2.57 (95% CI, 1.82-3.62) when the rhythm on arrival was shockable but did not improve survival for nonshockable rhythms (OR, 0.62; 95% CI, 0.45-0.84). A similar effect was observed for event survival. 
Interhospital Variability in Survival
There was a substantial amount of interhospital variation in survival to hospital discharge for transported patients ( Table 3 ). The median OR for hospital effect was 1.70, which suggests a median 70% difference in the odds of survival to hospital discharge for 2 patients with identical characteristics who are treated at 2 randomly selected hospitals. With the exception of an initial shockable rhythm, the median OR for interhospital variation in survival outcome was higher than most patient-level predictors.
Discussion
During the 10-year surveillance period, data from the VACAR have demonstrated significant improvement in survival after OHCA in Victoria, Australia. In particular, survival to hospital discharge was associated with a ≈3-fold increase since 2002 to 2003. This increase in survival occurred despite unprecedented community demand for EMS, 19, 20 and increasing EMS response times to OHCA events. Although similar improvements in survival have been demonstrated internationally by EMS agencies in King County, 21 London, 22 and Denmark, 8 our reported survival increase differs from those reported elsewhere in Australia. 4 Several targeted initiatives established during the past decade may help explain the improvement in survival outcome observed in our community and internationally. Surveillance data from Denmark demonstrated that a substantial increase in bystander-initiated CPR may have been a key factor driving growth in survival during the past decade. 8 Other authors have attributed improvements in survival to several other changes in their jurisdictions, including a reduction in EMS response time, 23 improved telephone-assisted CPR instructions for bystanders, 22 and changes to resuscitation guidelines. 21 In Sweden, a doubling in the crude 30-day survival rate from OHCA has been attributed to widespread improvements to the chain of survival, including shorter delays to activating EMS, improved participation rates in bystander CPR, shorter timeto-defibrillation intervals, and greater access to postresuscitation strategies. 24 In Victoria, the evaluation of targeted initiatives on OHCA outcome has received significant attention by the VACAR. After changes to resuscitation guidelines in 2005, a segmented interrupted time series analysis of OHCA data in Victoria revealed little improvement in favorable outcomes after adjusting for the prechange trend in survival. 25 Other systembased approaches implemented in Victoria during the same time period may offer clearer explanations for the improvement in survival. These initiatives include an early defibrillation program by first responders, 14 improved call-taker identification of OHCA events, 26 simplification of telephoneassisted CPR instructions, 13 and targeted postresuscitation strategies. 27 Importantly, the large increase in bystander CPR participation reported in our study may have offset the impact of longer EMS response times 11 and may help explain the reported variation in incidence of shockable rhythms and survival outcomes across Victoria and other regions of Australia. 4 Furthermore, although the VACAR is not directly responsible for improving outcomes for OHCA patients, its clinical audit and feedback processes create a powerful mechanism for the evaluation of EMS performance, which is not easily measurable but may have significantly improved outcomes in our population. The impact of registry feedback processes have also been highlighted by other international OHCA registries as a useful mechanism for the continuous evaluation of EMS performance. 24 Although survival from OHCA is improving in Victoria, several opportunities to advance care still exist. Bystander CPR and survival outcomes in designated rural regions of Victoria were worse than their metropolitan counterparts. In particular, rural areas were associated with significantly poorer survival to hospital discharge outcomes after adjustment for patient and arrest-level factors. The crude difference in survival rates represents ≈200 excess deaths in rural regions during the 10-year study period.
Reports from Japan, North America, and Australia have recognized that regional differences in OHCA survival could be related to the cardiovascular risk profiles of regional populations and their access to primary prevention strategies. 7, 28, 29 In addition, several system-level factors also differed across our regions and may be responsible for the variation in outcomes. For instance, regional differences in the participation rate of bystander CPR can be partly attributed to delays in implementing an electronic call-taking procedure in rural emergency call centres. Its statewide expansion occurred by the conclusion of 2011 and was associated with both an increased identification of cardiac arrest in the call and an increase in dispatcher-assisted bystander CPR. 26 In addition, paramedics in our rural regions are exposed to significantly fewer resuscitation attempts than their metropolitan counterparts, 26 and it is not clear what effect this would have on adherence to optimal resuscitation practices or postresuscitation care. 30 Although postresuscitation protocols in our EMS system include aggressive blood pressure maintenance, a report from our region shows that post-return of spontaneous circulation patients in rural regions of Victoria were significantly more likely to experience hypotension on arrival at hospital and this was associated with increased mortality. 31 The periodic training of paramedics in resuscitation practices is not yet formalized in our EMS system but could help to standardize the quality of EMS care across our state.
Access to standardized postresuscitation strategies has generated significant interest in the scientific literature. 32, 33 Both targeted temperature management 27, 34, 35 and early access to percutaneous coronary intervention 36 could help standardize inhospital care and reduce early mortality after OHCA. In addition to optimal postresuscitation therapies, hospital characteristics such as bed capacity, case exposure, and trauma center designation could be associated with a superior systembased approach to care and warrants further evaluation. 37, 38 Our study suggests that interhospital variation in survival outcomes could vary by 70%, and this may indicate inconsistencies with a range of hospital-based factors not currently measured by the VACAR. Future efforts to identify these factors may help to provide uniform standards of postresuscitation care and improve survival outcomes for patients with OHCA.
This study has several limitations. Although the VACAR has a small amount of missing survival data (1.7%), definitions such as presumed arrest pathogenesis were not verified using hospital medical records or autopsy findings. The VACAR is also limited predominantly to prehospital data variables, and other hospital-based treatment factors were not collected. Thus, the variation in outcomes across hospitals and regions of Victoria may be explained by other factors not measured in our multivariable analyses. Finally, the VACAR does not capture cases where an outof-hospital death occurs and EMSs are not called to attend (eg, expected deaths). As these cases would not receive an attempted resuscitation they would not affect our reported survival outcomes.
Despite these limitations, this study highlights the potential role of EMS agencies in lessening the health burden associated with acute cardiovascular disease in the community. During a 10-year surveillance period, the monitoring of EMS systems of care for OHCA has demonstrated favorable survival outcomes in our region, with a near 3-fold increase in the odds of survival to hospital discharge by 2011 to 2012. Our study contributes to the growing international literature demonstrating that increases in survival from OHCA are possible through improvements in EMS systems of care and the continuous monitoring of OHCA. Importantly, our study offers several opportunities to improve outcomes for patients with OHCA, both locally and internationally. Regional and interhospital variability in outcomes are responsible for a significant number of excess deaths from OHCA, which could be avoided through the standardization of care across both prehospital and inhospital settings. Finally, EMS response times have a profound impact on OHCA survival, which could be improved with more efficient mobilization of EMS.
